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1. Introduction and expected to grow in future too due to environmental, eco- 


nomic and energy security issues. Wind is an innovative, clean, 

During the last decade, the installed capacity of wind power modular, and intermittent technology. Increased penetration of 
generation has been increased tremendously all over the world wind power into the electricity grid gives rise to new chal- 
lenges for the entire system and, in particular, to the transmission 

system operators in maintaining reliability and stability of elec- 
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niques are not satisfactory especially in the competitive electricity 
markets. 

In the past, grid connection requirement (GCR) for wind power 
generators or wind farms was not necessary due to low level of 
wind power penetration. IEEE Standard 1001 ‘IEEE Guide for Inter- 
facing Dispersed Storage and Generation Facilities with Electric Utility 
Systems’ was the only guideline for the connection of generation 
facilities to the distribution networks. The standard included the 
basic issues of power quality, equipment protection and safety. 
The standard expired and, therefore, in 1998, the IEEE Working 
Group SCC21 P1547, the IEEE Standard for Interconnecting Dis- 
tributed Resources with Electric Power Systems started to work on 
a general recommendation for the interconnection of distributed 
generation [1]. 

The interconnection rules are continuously reformulated 
because of the increasing wind power penetration in to the grid 
and the rapid development of wind power generation system tech- 
nology. The main focus in the electricity grid codes has been on the 
fault ride-through issue, where the TSO requires wind power gen- 
erators to stay connected to the grid during and after a fault in the 
transmission system. Another important requirement to the wind 
power installations is on active and reactive power control capa- 
bility, to make the wind power installations able to support the 
control of grid frequency and grid voltage. In the several countries, 
new grid codes are already in place for the wind power integration 
and these specifications have to be met [2]. 

Wind power program in India is the highly successful and occu- 
pies the fifth position in the world having wind power installed 
capacity of 11 GW as on January 2010. However, the percentage of 
wind power generation is very small due heavy generation from 
other sources of energy. Indian Government policy and regulatory 
framework both at the state and central levels are encouraging 
power generation from new and renewable energy sources. This 
sector has been growing at over 35% in the last 4 years. The wind 
power program in India was initiated towards the end of the Sixth 
Plan (1983-1984) and aims at catalyzing commercialization of 
wind power generation in the country [3,4]. In India, with increas- 
ing penetration of wind energy, share of wind power as percentage 
of installed generation capacity has exceeded 10% in many states, 
however, the common specific grid connection standards for wind 
power are yet to be established. Technical guidelines and require- 
ments for wind power generation are varying with one state to 
other states and not good enough for the large wind power integra- 
tion into the grid. In order to promote wind power and to maintain 
common grid discipline there is an urgent need of a specific and 
common grid code for wind power integration in India. In this work 
a common grid code requirements have been suggested and some 
technical and operational issues of high penetration of wind power 
for Indian power system are addressed. 


2. Proposed grid codes of wind power in India 


The Indian electricity grid code for wind farms (IEGCWF) 
proposed in this section outlines the minimum technical grid 
connection requirements that new wind turbines and associate sys- 
tems at the connection point to the transmission network have to 
provide safe and reliability operation of the system [5]. The new 
connection shall not cause any adverse effect to the electric grid 
which shall continue to perform with specified reliability, security, 
and quality as per the central electricity authority (CEA) regula- 
tions, as and when they come into force. These developments must 
clearly indicate the need to search for effective solutions to alle- 
viate the negative impacts, if any, of the large scale integration of 
wind power to the grid so that the benefit of the renewable energy 
source can be maximized. 


IEGCWF must be read in conjunction with 


(a) Indian electricity grid code (IEGC) issued by central electricity 
regulatory commission CERC [6], 

(b) Technical standards for connectivity to the grid, Regulations 
2007, issued by CEA [7], and 

(c) State electricity grid codes issued by respective states of India 
(in this work, Rajasthan state electricity grid code (REGC) is 
referred [8]). 


The full capabilities of wind farms may not be exploited at all 
times. Therefore, the connection codes should be such that it should 
provide the maximum power output from the wind farm with- 
out affecting the existing grid operation. The following aspects are 
taken into consideration for large-scale grid integration of wind 
power in India: 


e Active power control, 

è Reactive power control, 

e Fault ride through capability, 

e Communication requirements, 

e Others (modeling and validation, power quality, start and stop, 
metering etc.). 


2.1. Active power control 


The wind power generating units are normally operated to max- 
imum power using maximum power point tracking algorithm and 
remain connected to the network even if the system frequency 
deviates from specified one. Active (real) power control is used to 
control the system frequency by changing the power injected into 
the grid. The active power production from the wind farm must 
be controllable to maintain the security and stability of the electric 
grid. The following control functions must be available. 


e An adjustable upper limit to the active power production from 
the wind farm shall be available whenever the wind farm is in 
operation. The upper limit control of active power production, 
measured as a 15-min average value, does not exceed a speci- 
fied level and the limit shall be adjustable by remote signals. It 
must be possible to set the limit to any value with an accuracy 
of +5%, in the range from 20% to 100% of the wind farm rated 
power. 
Ramping control of active power production must be possible 
to limit the ramping speed of active power production from the 
wind turbine in upwards direction (increased production due to 
increased wind speed or due to changed maximum power output 
limit) to 10% of rated power per minute. There is no requirement 
to down ramping due to fast wind speed decays, but it must be 
possible to limit the down ramping speed to 10% of rated power 
per minute, when the maximum power output limit is reduced 
by a control action. 
Fast down regulation should be possible to regulate the active 
power from the wind turbine down from 100% to 20% of rated 
power in less than 5s. This functionality is required for system 
protection schemes. Some system protection schemes imple- 
mented for stability purposes require the active power to be 
restored within short time after the down regulation. For that 
reason, disconnection of a number of wind turbines cannot be 
used to fulfill this requirement. 

e Automatic control of the wind turbine active production as a 
function of the system frequency must be possible. The control 
function must be proportional to the frequency deviations with 
a dead-band. The detailed settings can be provided by the state 
utilities (SU). 
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Table 1 


Grid voltage operating limits. 


Nominal system voltage Grid voltage 


Variation limits Maximum Minimum 
400 kV +5%/—10% 420kV 360 kV 
220kV +/-10% 245 kV 200 kV 
132kV +/-10% 145kV 120kV 
33kV +/-10% 36kV 30kV 


e During under-frequency (it shows the deficit in the generation), 
wind power can increase the power output without affecting the 
network congestion. 


In India, the system frequency has controlled by the state load 
dispatch centers (SLDC) in coordination with regional load dispatch 
centers (RLDC) at about 50 Hz, within the range of 49.2-50.3 Hz 
band [9]. Wind farms must be capable of operating continuously 
for 49.2-50.3 Hz frequency band and allowed to be disconnected 
during over frequency as per the wind turbine specifications. In 
addition, the wind turbines can reduce power at frequency of above 
50.3 Hz as detailed settings provided by the SU. 


2.2. Reactive power control 


The reactive power control requirement is used for generat- 
ing units to supply lagging/leading reactive power at the grid 
connection point. Wind farms should be capable of supplying a pro- 
portion of the system’s reactive capacity, including the dynamic 
capability and should contribute to maintain the voltage profile 
by providing reactive power support. Requirements of the grid 
codes for reactive power support that the power factor is to be 
maintained in the specified range. Wind farms are required to bal- 
ance voltage deviations at the connection point by adjusting their 
reactive power exchange and, moreover, by setting up predeter- 
mined power factors. Wind farms shall be capable of operating at 
rated output for power factor varying between 0.9 lagging (over- 
excited) to 0.95 leading (under-excited). Fig. 1 shows the operating 
range of wind farms at different voltage levels. The above perfor- 
mance shall also be achieved with voltage variation of +10% of 
nominal, frequency variation of +1.6% and —0.06% and combined 
voltage and frequency variation of +10%. Wind farms are required 
to have sufficient reactive power compensation to be neutral in 
reactive power at any operating point. In India the SLDC (and users), 
ensure that the grid voltage remains within the operating lim- 
its as specified in IEGC 5.2, as show in Table 1, and hence it is 
required from the wind turbine to remain connected and deliver 


power for the specified voltage ranges and put efforts to maintain 
it. 

Also, wind farms shall make available the up-to-date capability 
curves indicating restrictions to the SLDC/RLDC, to allow accurate 
system studies and effective operation of the state transmission 
system. The reactive power output of the wind farm must be con- 
trollable in one of the two following control modes according to SU 
specifications. 


e The wind farm shall be able to control the reactive exchange with 
the system at all active power production levels. The control shall 
operate automatically and on a continuous basis. 

e The wind farm must be able to automatically control its reactive 
power output as a function of the voltage at the connection point 
for the purpose of controlling the voltage. 


The detailed settings of the reactive power control system will 
be provided by the respective SU. The wind farm must have ade- 
quate reactive power capacity to be able to operate with zero 
reactive exchange with the network measured at the connection 
point, when the voltage and the frequency are within normal oper- 
ation limits. 


2.3. Fault-ride through capability 


Fault-ride through (FRT) requirement is imposed on a wind 
power generator so that it remains stable and connected to the 
network during the network faults. Disconnection from grid may 
worsen the situation and can threaten the security standards at 
high wind penetration. The wind farm must be able to operate 
satisfactorily during and after the disturbances in the distribu- 
tion/transmission network. This requirement applies under the 
following conditions: 


e The wind farm and the wind turbines in the wind farm must be 
able to stay connected to the system and to maintain operation 
during and after clearing faults in the distribution/transmission 
system. 

e The wind farm may be disconnected temporarily from the system, 
if the voltage at the connection point during or after a system 
disturbance falls below the certain levels. 


The fault, where the voltage at the connection point may be zero, 
duration is 100 ms for 400 kV and 160 ms for 220kV and 132 kV. 
Wind turbines are required to be equipped with under-frequency 
and over-frequency protection, under-voltage and over-voltage 
protection, differential protection of the generator transformer, and 
backup protection (including generator over-current protection, 
voltage-controlled generator over-current protection, or generator 
distance protection). Prevalent practice shall be followed according 
to Regulations 2007. 


2.4. Communication requirements 


Wind farms must be controllable from remote locations by 
telecommunication system. Supervisory control and data acqui- 
sition (SCADA) is recommended for the remote control of wind 
power and telemetry of the important parameters for scheduling 
and forecasting is obtained. Control functions and operational mea- 
surements must be made available to the SLDC/RLDC. The SU in 
each area specifies the required measurements and other neces- 
sary information to be transmitted from the wind farm. Information 
required generally from wind farms are voltage, current, frequency, 
active power, reactive power, operating status, wind speed, wind 
direction, regulation capability, ambient temperature and pres- 
sure, frequency control status and external control possibilities. 
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Reliable and efficient communication systems shall be provided to 
facilitate necessary communication and data exchange, and super- 
vision/control of the grid by the SLDC/RLDC, under normal and 
abnormal conditions, as specified in Regulation 2007. 


2.5. Other requirements 


Metering 

Recording instruments such as data acquisition sys- 
tem/disturbance recorder/event logger/fault locator (including 
time synchronization equipment) shall be installed at each wind 
farms for recording of dynamic performance of the system. 
Agencies shall provide all the requisite recording instruments as 
specified in the connection agreement according to the agreed 
time schedule. These requirements are similar for conventional 
power sources and mentioned in detail in CEA (Installation and 
operation of meters, Regulation 2006) [10], IEGC, and respective 
state electricity grid codes. 


Start and stop 

It is recommended, that the wind farms be designed so that the 
wind turbine does not stop simultaneously within the wind farm 
due to high wind speeds. 


Modeling and validation 

Prior to the installation of a wind turbine or a wind farm, a 
specific test programme must be agreed with the SU in the area 
regarding the capability of the wind turbine or wind farm to meet 
the requirements in this connection code. As a part of the test pro- 
gramme, a simulation model of the wind turbine or wind farm must 
be provided to the SU ina given format and the model shall show the 
characteristics of the wind turbine or wind farm in both static sim- 
ulations (load flow) and dynamic simulations (time simulations). 
The model shall be used in feasibility studies prior to the installa- 
tion of the wind turbine or wind farm and the commissioning tests 
for the wind turbine or the wind farm shall include a verification 
of the model. These requirements are similar to the conventional 
power sources and mentioned in detail in IEGC and respective state 
electricity grid codes. 


Power quality 
Prevalent practice shall be followed according to IEGC, state grid 
codes and International standards like IEEE and IEC [11,12]. 


3. Indian power sector reforms: policy support for grid 
interactive renewable power 


Electricity Act 2003 


Section 86. (1). The state commission shall discharge the fol- 
lowing functions... (e): promote cogeneration and generation of 
electricity from renewable sources of energy by providing suitable 
measures for connectivity with the grid and sale of electricity to 
any person, and also specify, for purchase of electricity from such 
sources, a percentage of the total consumption of electricity in the 
area of a distribution licensee [4]. 


National electricity policy 2005 


The national electricity policy 2005 stipulates that progressively 
the share of electricity from non-conventional sources would need 
to be increased; such purchase by distribution companies shall be 
through competitive bidding process; considering the fact that it 
will take some time before non-conventional technologies com- 
pete, in terms of cost, with conventional sources, the commission 


may determine an appropriate deferential in prices to promote 
these technologies. 


Tariff Policy 2006 


The tariff policy announced in January 2006 has the following 
provisions: 


e Pursuant to provisions of Section 86 (1) (e) of the Act, the appro- 
priate commission shall fix a minimum percentage for purchase 
of energy from such sources taking into account the availability 
of such resources in the region and its impact on retail tariffs. 
Such percentages of energy purchase should be made applicable 
for the tariffs to be determined by the state electricity regulatory 
commission (SERCs) latest by April 01, 2006. 
It will take some time before non-conventional technologies can 
compete with conventional sources in terms of cost of electricity. 
Therefore, the procurement by distribution companies shall be 
done at preferential tariffs determined by the appropriate com- 
mission. 
Such procurement by distribution licensees for future require- 
ments shall be done, as far as possible, through competitive 
bidding process under Section 63 of the Act within suppliers offer- 
ing energy from the same type of non-conventional sources. In the 
long-term, renewable energy technologies based power genera- 
tion would need to compete with other sources in terms of full 
costs. 

e The central commission should lay down guidelines within 
3 months for pricing non-firm power, especially from non- 
conventional sources, to be followed in cases where such 
procurement is not through competitive bidding. 


4. Grid connectivity and evacuation arrangements 


Grid connectivity has posed a major challenge in harnessing the 
renewable energy as most of the renewable energy sources, par- 
ticularly wind and small hydro sites are in remote areas wherein 
transmission and distribution network is sparse. As per the provi- 
sions of Electricity Act 2003, it is the responsibility of concerned 
licensee or respective state utility (SU) to provide grid connectiv- 
ity to the generating stations. However, due to various reasons, 
there have been difficulties for developing the infrastructure for 
evacuation of energy generated from renewable energy sources. 
Further, Electricity Act 2003 under Section 86(1) (e) specifically 
empowers state electricity regulatory commission (SERC) to take 
suitable measures for ensuring the grid connectivity to the renew- 
able energy projects or wind farms. However in most of the cases, 
responsibility of licensee and wind farm developer in developing 
the evacuation infrastructure varies across the states. 

In most of the states, inter connection point stretches up to near- 
est grid sub-station and associated cost for development of such 
evacuation infrastructure is required to be borne by the wind farm 
developer. Inter connection point can be defined as an interface point 
to the transmission or distribution network, to which the wind tur- 
bine or wind farm is to be connected. For wind energy projects, 
inter connection point is to be located and specified by the respec- 
tive SU. General connectivity conditions elaborated in Regulations 
2007 must be held valid for wind farms. 

Therefore, it is preferred that evacuation infrastructure from 
generator terminal up to grid inter connection point shall be devel- 
oped by the wind farm developer and beyond inter connection point 
the concerned licensee shall develop the network. The concerned 
licensee or SU shall be responsible for providing grid connectivity 
to the wind farms from the inter connection point, on payment of 
wheeling or transmission charges as the case may be, in accordance 
with the regulations of the respective SERC. 
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Table 2 
Preferential tariffs/policy introduced announced by the SERC’s for wind. 


Sources, states Wind power, items 


Wheeling Banking Buy-back 
charges (INR/kWh) 

Andhra Pradesh 2% of energy 12 months 3.37 

Gujarat 4% of energy - 3.37 fixed for 

20 years 

Haryana 2% of energy Allowed 4.08 + Escalation 

1.5% 

Karnataka 2% of energy 2%/month 3.40 fixed for 
for 12 10 years 
months 

Kerala 5% of energy 9 months 3.14 fixed for 
(June-February) 20 years 

Maharashtra 2% of energy 12 months 3.50 + Escalation 

+5% trans. loss of 0.15 for 13 
years from 
documentation 
of the project 

Madhya Pradesh 2% of energy Not 3.97 (with 
allowed decrease of 0.7 

up to 4th year) 
then fixed at 
3.30 from 5th 
year onwards 
uniformly for 
20 years 
Rajasthan 10% of energy 3 months 3.59 for 
Jaisalmer, 
Jodhpur, etc. 
and 3.67 for 
other districts 

Tamil Nadu 5% of energy 5%, 12 2.90 (levelised) 
months 

West Bengal INR 0.3/kWh 6 months To be decided 


on case to case 
with a cap of 4 


5. Remuneration for wind power 


The national tariff policy, which was notified by the Ministry of 
Power in January 2006, in continuation with the Electricity Act 2003 
and the National Electricity Policy 2005, emphasizes the impor- 
tance of setting renewable energy targets and preferential feed-in 
tariffs for renewable energy procurement by the respective SERC. 
Several SERC, in turn, provided details on concessional feed-in 
tariffs (mostly decided by cost-based approach), wheeling (trans- 
porting electric power over transmission lines), banking of energy 
for future use, third party sale and power evacuation facilities, as 
shown in Table 2 with other fiscal incentive, as shown in Table 3 
[3]. Recently, CERC issues regulations of terms and conditions for 
tariff determination from renewable energy sources, Regulations 
2009 which is single part tariff consisting of the following fixed 
cost components [13]: 


e Return on equity; 
e Interest on loan capital; 


Table 3 
Implemented fiscal incentives for wind power generation. 


Item Description 


Accelerated 
depreciation 


80% depreciation in the first year can be claimed 
for the following equipment: 

for wind: extra 20% after March 2005 for new plant 
and machinery 

Ten years tax holidays 

Concessional customs and excise duty exemption 
for machinery and components for initial setting 
up of projects 

Exemption is available in certain states 


Tax holiday 
Customs duty 


Sales tax 


e Depreciation; 
e Interest on working capital; 
e Operation and maintenance expenses. 


It also considers the incentive or subsidy offered by the cen- 
tral/state government to the renewable energy power plants while 
determining the tariff under these Regulations. Wind power is fed 
into the grid when and where available on priority basis and these 
shall be treated as must run power plants and shall not be subjected 
to ‘merit order dispatch’ principles in order to maximize genera- 
tion and in order to gainfully utilize wind power already installed. 
Recently government of India announces generation based incen- 
tives (GBI) schemes for new wind farms. Under this scheme, a GBI 
will be provided to wind electricity producers Rs. 0.50 per unit of 
electricity fed into the grid for a period not less than 4 years and a 
maximum period of 10 years in parallel with fiscal incentives such 
as accelerated depreciation on a mutually exclusive manner, with 
a cap of Rs. 62 lakhs per MW [4]. 

Reactive power from wind farms must be remunerated accord- 
ing to IEGC 6.6, presented as follows [6]. Reactive power 
compensation should ideally be provided locally, by generating 
reactive power as close to the reactive power consumption as pos- 
sible. The beneficiaries (means the person purchasing electricity 
generated at the generating station) are therefore expected to pro- 
vide local VAr compensation/generation such that they do not draw 
VArs from the extra high voltage (EHV) grid, particularly under low- 
voltage condition. However, considering the present limitations, 
this is not being insisted upon. Instead, to discourage VAr drawals 
by beneficiaries, VAr exchanges with inter-state transmission sys- 
tem (ISTS) shall be priced as follows. 


e The beneficiary pays for VAr drawal when voltage at the connec- 
tion point is below 97%. 

e The beneficiary gets paid for VAr return when voltage is below 
97%. 

e The beneficiary gets paid for VAr drawal when voltage is above 
103%. 

e The beneficiary pays for VAr return when voltage is above 103%. 


Provided that there shall be no charge/payment for VAr 
drawl/return by a beneficiary on its own line emanating directly 
from an inter-state generating system (ISGS). 


6. Operational issues 


With increasing penetration of wind power, it is equally impor- 
tant to address concerns of grid operations. In case, information 
about likely wind power generation forecast is available then, it will 
facilitate grid operation. Internationally, such information about 
wind energy generation forecast is available through sophisticated 
software and extensive data analysis and simulation techniques 
[11]. Accordingly, authors suggest for Indian system that in near 
future it should be made mandatory for all non-firm renewable 
energy generating sources (RES), especially wind power, shall fur- 
nish the tentative day-ahead hourly generation forecast (MWh) for 
the energy availability at inter connection point to the concerned 
RLDC/SLDC to facilitate better grid co-ordination and management. 
Also with the provisions to update and correct forecast it by hour- 
ahead forecast to minimize the real time scheduling error. Further, 
it has been clarified that above forecasts shall be used for calculat- 
ing deviation from such scheduled forecasts and must be subjected 
to unscheduled interchange (UI) mechanism outlined under CERC 
UI Regulations 2009, but with suitably selected price cap on wind 
power generation decided in conjunction with fixed price paid 
for wind power. The argument for putting such ceiling for wind 
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power generators is that cost of energy generation through wind 
is lower than the ceiling price specified by the CERC and it was 
considered that there is sufficient incentive for the wind power 
generator even with a low ceiling price and more important to pre- 
vent any gaming. Wind farm owners are in-charge of balancing 
his own production balance by market-based means or by devel- 
oping technical capabilities. Unscheduled interchange mechanism 
is a best mechanism, exercised in India, can make wind power (or 
other non-firm renewable energy sources) semi-competitively dis- 
patchable. In this proposed manner, wind farm owners continually 
get fixed return on wind power they accurately dispatched and 
get paid/charges for UI power. Wind farm owners can optimally 
schedule their generation slightly lower than actually forecasted 
wind power to avoid any charges. Sufficient return on wind power 
will ensure promotion to wind power in longer term and UI mecha- 
nism will ensure the competiveness and technological innovation. 
As there is huge demand-supply gap prevails in India, frequency 
remains mostly in lower side of range specified for UI mechanism 
and hence remunerate much more, for UI injection of power, com- 
pare to fixed price received by wind power in next future. 


7. Interconnection regulations harmonisation 


Several states of India have high penetration of wind power and 
it is expected that this share will increase with time. Present sce- 
nario can be observed that the interconnection regulations vary 
considerably from state to state. Harmonized technical GCR are 
required and it will bring the maximum efficiency for all parties 
and should be employed wherever it is possible and appropri- 
ate. While this applies for all generation technologies, there is a 
particular urgency in the case of wind power. As wind penetra- 
tion is forecasted to increase significantly in the short to medium 
term, it is essential that grid code harmonization process is to be 
done immediately. It will help the manufacturers to international- 
ize their products/services, the developers to reduce the cost and 
the system operators to share experience, mutually, in operating 
power systems. 

It can be stated that GCR should be harmonized at least in the 
areas those have little impact on the overall costs of wind tur- 
bines. In other areas, GCR should take into account the specific 
power system robustness, the penetration level and/or the gen- 
eration technology. The technical harmonization in the following 
areas is recommended [2] 


e Wind power farm behaviour in normal network conditions. 
e Behaviour during and after network disturbances. 

e Frequency response/active power control. 

e Voltage control/reactive power. 

e Verification and testing. 

e Site-related aspects. 


Harmonization in GCR will help in achieving following goals: 


e For setting of proper regulations for the connection of wind power 
technology to the electricity grid; 

e For facilitating the internationalization of manufacturers and 
developers; and 

e For developing new standards, codes and verification procedures, 
interaction between GCR issuing working groups. 


8. Conclusions 


Wind farms have a significant influence on the operation of 
power systems. Grid codes are set up to specify the relevant 
requirements for efficient and secure operation of power system for 
all network users and these specifications have to be met in order 
to integrate wind turbines into the grid. Several states of India have 
high penetration of wind power and it is expected that this share 
will increase with time. The Indian electricity grid code for wind 
farms (IEGCWF) has been proposed in this work which outlines the 
minimum technical grid connection requirements that new wind 
turbines together with their supplemental installations have to ful- 
fill at the connection point to the transmission network in order 
to provide for adequate safe operation and reliability of the inter- 
connected Indian power system. Several technical and operational 
issues with increased wind power penetration has discussed for 
emerging Indian power systems. 
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